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(* (I) Xtt (II) fc*5V>T, Ar 1 WAr z tt» 
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l 7 Ar' 



(I) X!4 (II) **fr*ft5##*T 5 
[ftl] 



R 4 M 
R 3 R 2 



(I) 



) — ( R 11 
R 9 R 10 




(II) 



(* (I) Xlt (II) \Z&^X, Ar 1 RVAr 2 f±, 

7 7/V^f/vS> 7*-^=^!, 7 5/S« 7 5 
£v^«©, ##£jaft**SXIi**K**«aS** 

-f) 

tftMo^^rXt^^^^tft 0. levmt 3C 
^'WmA'iDO. 2 e v^_h^#v^t^#m 

5 ^ft3-Wa»e>Btfft5 - i £4**i:-*-5tt#£ 1 Xtt 

o 

-o-Ar 3 (ilia) -o-c-Ar 4 

(A*, YfiSi, GeXfiSneDV^TfttfMOjj^fcS 
*>U Ar 3 4v>LAr' (4, ^*i4U, « 

R 15 





2 fcflEfcro^aMtJM&ft**. 

[ff#54] jETLBJhfliS, TIS-JR* (IH)XJi 
(IV) X'mfriSfiZ&mmfc. TEWS* (V) 
< i fcHfr&tf h 9 T^-A-RSItfrXttTia-jRa; (V 
I) Tf*i3**t«^^y < Mls-Mfc©^4<l:t-^l"T?# 
/&£ft£ r. t £#m£-f5!f #9 1 fcv" L 3 ©vvr n*» 

[ft 3] 



(III) 



R 15 ^LR 20 tt, ^^LT, 

ry^s, v-r/s, 75/s, 7->/H, T/t-a 
t> =t \,^&mmt*mmxtew&mz^ lx^x t> <t ^ 

3Sr#»E**aU£«:«*> U Mi4A 1 Jg^XttG a JS^£ 
SU LttTIB-^S: (Ilia) » (Illb) Xf± (IIIc) 

[ft 4] 

Ar 5 

(1Mb) -O-Y-Ai* (IIIc) 

Ar 7 



[ft 5] 



R R' u 

..--nH_r" 

R 20 R 19 



(IV) 



^o^yl^ TVV^A-X, 77^+;H, Tfl' f r=-A' 

& 7y;H, ->7yS> 7?/S, 7->;H, 7/1/3 
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[ft 7] 

Ar? Ar 11 

C=CH- A ^-CH-C (VI) 
Ar 10 Ar 12 



(5t«K Ar» tt«fc2£*#LT^Tt>.fc^rtili©## 
Lt s L/tv^tfc.fcv\ 5£#8E&fls** 

[It#g6] 3E?Lia±Ji©BtJ*a^ 0. 5~3 0nm 
©ffiffltfc* r i: SrWKfc1-5l»*:9t 1 fci^ L- 5 ©i^-f 

[*9i©l&MfcK9i] 

[0 0 0 1] 

[3sw©jri-5KW##] *&w\z, ^mm^%m^ 
©#«m#M6ft*?-w:, &im<oz^ite.&*ifimiitt 30 

LT©4^*£a»LfcftS^©jSJB#«#$*L$. 
[0002] 

tra©i«)t (el) 

L-Tte, «WW©II-VI*flS*«*»ff-C*« Z n 
S, CaS, SrS^fc, M^tT-feSMn^il 
t£* (Eu, Ce, Tb, Smm ftK-^LfctOit 

tt, 40 

1 ) SflEIBfttf&S (50~1000Hz) x 

2) BUWEtfj^ (~2 0 0 V) , 

3) 7**?-fc#H* (#£W£) , 

4) jliaig»0S§ro = ^ h*KV\ 

[0003] jfi^, ±iarea/S©gfefi©fc«>x 
-aA©^[&]±^g«ii LT««©«fB©*awb«:fT 

V\ *SKS?T5^i»fej*5]E?L(ft3Uii: 8-fc Kb* so 



9 s*/ 3 S'©7A'3 = 5rA»tta»&/fc5»#Jii:*R»t 
fc*^*#3§?t*^-©II13§ (Appl. Phys. Le 
t t. , 51% 9 1 31, 1 9 8 7^) la 1 ), 

8-fc Kn y ^©T-ft'S = 

(J. Appl. Phys. , 6Sf, 3610 
H, 1 9 8 9f ) \c£*>, »3ta*O|t0±^«3te«ftO 

[0 0 04] ±lB©«*ffi*H-»**«:E^fc«JW&ft* 
^Otttt, »#*©*«*£ L/C* #y (p-7*=V 
W—W) (Nature, 3 4 7% 5 3 91, 1 
9 9 0^),7Ky [2-^ h*S/-5- 
*i/n>tti/) -1, 4-7xsi/yt=vy] (Ap 
pi. Phys. Lett., 58t, 1 9 8 21, 1 
99 1W » *y (3-7/V*/I/ft7iy) (Jp 
n. J. Appl. Phys, 30% L 1 9 3 8I, 
1991¥) •©HS^FWftftffl^fcWHSJftX^CB 
*-*\ #y ^^^✓-^©flsa* fcffi*H-©» 
mntm^mu^m^Ltcm^- a&mm, e 1 

% 1 04 41, 1 9 9 2¥) ©PHSfefffrfr-C^S. 
[0 0 0 5] 

5y ?V*:7WS©**am!:jSfl31-$fc 

ttfe*ift3i»ofc 0 #Sc, WfeSDt^dMLTfi, 8- 
fc Ka*->*/ y IOTA'S = *Ai|*fcJlVVfcllfefi» 

[0006] ±m<Dm^^t<D^mm\t, ^mmonm 

fciBBa-f-*i:#*.b*LTV^5 0 £©W!lM4©ffi£ritm 

©if^^teBna* (^TTg ts&iE-rs) ©ffi£(cS* 
[0007] r^s-c\ Hfe#«tJWSftjim::E^& 

tlfcflS-frfcfcLTa:, 7^h7ty (Jpn. J. Ap 
pi. Phys., 27% L 2 6 9I, 1988 

B^*^^ (Appl. Phys. Lett. , 5 



(4) 
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6% 7 9 91, 199 
Wtt (B*ft^tt, 1 
-^T^/HPItt (J 
s . , 3 1f, 18 12 
f£, 15401:, 199 

( J p n. J . A p p 1 
II, 1 9 93f) ^ 
8 - 8 1 4 7 2 -51-4^8) 

(#i¥5-l 9 8 3 7 
7 8#^$g ; #Jf¥5- 
- 1 7 2 7 5 1 
N' - (3-^^-/W7^ 
-4, 4' -vf7?y ( 
s . , 3 2#, L 9 1 7 



0#0 , ^*^!J/W< 

1 6 21, 1 9 9 2m , 
pn. J. Appl. Phy 
1, 1 9 9 2¥: B#{t^# 
1¥) , T-ZfirfWiMto 
, Phys. , 3 2t, L51 

7-f^« ; #M¥5-1 9 8 3 

2 1 4 3 3 2^$& ; #M¥6 
, N, N' -v'7x^V-N, 

- 1, 1' - t'7ai— 
J pn. J. Ap p 1. Phy 
1, 1 9 9 3 *£) N jK y tT=/U 



fUVj^Z—Ar (Appl. Phys. Lett. , 63 
#, 2 6 2 71, 1 9 9 3¥) , 1, 2, 4-h!)7/ 
— /l/R^ft: (Chem. Lett. , 4 71, 1996 
m . rs/fcrwuift: (J pn. J. App 1. P 
hys. , 35% 48191, 1 9 9 6^), 

y^y^-frmmft osjs*&, 62% 1015 

1, 1 9 9 3 ¥ I A p p 1 . Phys. Lett., 6 
7% 3 8 5 31, 1 9 9 5¥) . ->a-/HS»ff 
(J. Am. Chem. Soc. , 118% 1197 
41, 1 9 9 6^) ^EiSff^Stt-CV^. ±SB©#6» 

[0 0 0 8] 
[ft 8] 



h -0"0- c 



(B-1) 



p 



lit 10] 



CH 3 HgC 

[ooii] z?^v^7 ^^mmi* (B-i) 

tx&T&lfrtf. lHySftaMS££*tT^$Ji* (App 
1. Phys. Lett., 6 7% 38531, 19 
9 5f) , nmm-Ti<D'(**{c#T>*s->rfl'&S. 9 
eVtiK, jETL*SJia»e>]E?LasaEAHc<<, * 
It, EL^ h/U-C(4 4 8 Onmtf fflC&KMJztt 

M (p-7x=;V7x/7h) 5 skiffle (B 
-2) t*ftOfeMUe*3F+«-C, 

HfflV^A'tttiSUTV^JfcV^ (#M¥5- 1 9 8 3 7 7 



(B-2) 



(B-3) 



— N, N' - (3-^^71=^) -1, 1' -tT7 
3,-^-4, 4' -j?7?y (a#TPD4:Pptf*L5) 

itrfcR#(c4 6 4nm|I^3tf-?lrtt5EL^ h 
(Jpn. J. Appl. Phys. , 32 
% L 9 1 71, 1 9 9 3^) » TPDWTgt463 < C 

[0 0 12] 4, 4' - 1** [N— (1—7- 

>it^>i/^^i>m%M<Dyf^it^T^>^^X*) 

p^xw^ («^tt«afli^#a«ws(sa^, ome 
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9 7-6 9, 1 9 9 7^ ; ^flJxV^7°W, 7 Jf-f§-, 
6 21, 1 9 9 6¥) „ 

[0 0 13] ±a©aft*>6>, 

[0 0 14] 




£"a #1" 5 & <^ 5 £ 2: K: .fc 0 ilEsSffi &*Bfe U 

t-frtrtPHWHfiJtSirftfibo-C^ K5S3tJia s TIE-jR 
* (I) Xtt (II) T?**3*^5^r#KT5Wt-&*Sr 

itr#-r s r t ir# t -r z> ^rawiMs**^ 

[0 0 15] 

Hki i] 



(I) 




(ID 



R 3 R 10 W 

R 4 R 11 R 12 



[0017] (5£ ( I ) Xte (II) fc*SV*T, A r 1 A 
7!)-;^->S, 5£#;K&fc**S#^H:£# 

[0 0 18] 

imwDmrnnivM] sit. t&moiiWUHtitm* 
«jK*i-»fffiHT?*>5, in3£«, 2itn«> 4«e?l 

5W3&3tE» 6 l±3E?LiaJhJI» 8ttBS«££* 
[0019JSS1 tt*«mjHS*«^0*«f* i 45 

K # y ^^*^*o»W3!e-frj*»J!BoS*»* L 



1-5ri/3Sfc5©-T?&£L<ftv\ rofcft* ^jAWIB 

*«©'>&< HJticw*->y a^fcflaWMtrt 

[0 0 2 0] a%l±£HM2#Krte>JlS*, H4£ 
So SAT* 7^?=!)^ 

t7iy) , #yt°n-/K #5T=3^0»mtt* 

U 3S« 1 itl*t« iti:iDM2 fc#j*f 5 r 

5 1 ±tc*MSr^rii L-fc 9 , S« 1 ±fcS»«tt: 

40 W#?fcfc*L-CW2fr»jiM-5;:i:t)Tf*5 (a p 

pi. Phys. Lett., 6 0t, 27 111, 1 
9 9 2^) 0 HtfZttHjfcSttKtfaiL-C^fiferSw 

fctwefcs. »*2©ff*tt, ^st-t-sawtt^ 

6 0 %«±, ^L<S80 %£Lt £ 1" 
5rt^M*L<, 5-10 
0 0 nnu £?£L< [41 0~5 0 0 nmgltfjijS. 

fc, 3EKiH:±iaoiMi2 0±K:JI4**WWfeaWf 
so SrttpTfg-efcSo 
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[0 0 2 1] mm 2 ©±(C(4IE?Lf|^JI 4 «SRrj kft 

5. iEnmmm<Dumcm^ti?>^tLx^ mm 

* J; < *5£f5 r t »Mt 5 WSfsf-C-feS r £ jjSjKS-Cfc 
5. ■*©;£»£:«, -f*>'fli}J«y^S/-rA'a«/h*<, "5T 
^©ft^LTM^tt^illK, L^fcjEfl^SiSaS;*: 

B#^fflB#k:§l£U£<v^ 3*1,3. ±EO- 

fcttXfcH*M4#g*£i't5. t£oT, TgiU85 

[0 0 2 2] Z<D£5kJElMvkttnkLXtt. W*. 
tf, 1, l-tr* (4-i'-p-M);i'75/7i= 
/v) ^ o^*i>-y«Ss©*:=«£#Ss7 5 
Lfc^S^T 5 (4*§HB 59-194393 

Vr'&m , 4, 4' -If* [N— (1— *-7?vU) -N 

Cf»Lfc*Si7 5 > (#M¥5 - 2 3 4 6 8 1^ 

mm^i-^mmbvmy (*H#fFH4, 92 

3, 7 7 4*B«lt) v N, N' -v^x^/P-N, 
N' -If* (3-^f;V7i=;V) tf7i=/V-4, 
4' -i?73^»03Sftr^7Sy (KHWfBIU, 7 
6 4,6 2 , SH4S»k UtAff»fc*«- 

b y 7*s>U75 ^f§3l# 2 9 2 7 

*Lfc<"k&* WH¥4 - 1 7 5 3 9 5^f) > 

5> (»B¥4-2 64 1 8 9-WMI) , *^y/H«g 

zm-rz^mMVT 5 ^ (#n¥4 -290851^ 

fct>© («pM¥4-3 0 4 4 6 6t&«) , 

* h!)75y (#M¥4 -3 0 8 6 8 8^ 
$g) „ ^^^7!=/^ (tH¥4-3 6 4 1 5 

© (WH¥5 - 2 5 4 7 3 , b y T 5 l"fls#* 

(tli¥5-2 3 9 4 5 5f&S) , XxWJVA'T 

5 y tf7i=;P (#H¥5 - 3 2 0 6 3 4-5§-<£$B) , 
N, N, N-MJ7x=/U75yR*«: (WH¥6-1 
9 7 2MS) , 7*/**3>>«fi**1-5ar*KS> 
75V 7-138562 , i?75/7 
as^a-J-^MJ S^XlMM* (#I¥7-2 5 24 7 
4#&«) „ i/JVyft&m (*H#WH4, 9 5 0, 
9 5 0fPBt) , ^5-f5^»5fflc (#M^ 6 _4 9 
0 7 9tM) s *^7r5>R»ft (#W6-2 5 

6 5 9-§-<£$ft) % H>'ffrfi*«fc&HPtf , &ft3. 
£it &©{£-&*»:* W-ejf^Ttxfc^U iKSCSt 

[0 0 2 3] ±e©4fc-&*Elfl-fc, jE?M)53£E©*mJ: 



Lt, #y \f-;v%;w^/-;v*?i$y i/y^s (App 
1. Phys. Lett., 5 9t, 2 7 6 01, 19 

9if) , afiyy+xyrVy (4$H¥5-3 1 o 94 

9#^«) , #U75 K WH¥5-3 1 0 9 4 

W » 2Ky^M)7i^7?y (#i¥7-5 3 

9 5 3fM) > by 7x^75 

f (#I¥4-1 3 3 0 6 5^i) , h!J7x=;V7 

5^¥ffi£^l/Vg^T«L/ci«#^ (Synth 

etic Metals, 55-57% 4 1631, 

10 H93f) , ^s«75ymn^!)^^^yv 

— h (J. Polym. Sci. , Polym. Che 
m. Ed. , 2 1 9 6 91, 1 9 8 3 *£) m<D&fr 

[0 0 2 4] ±E©iE?L»3i#!|s^*ffi£^tt*£S| 

*4^^i-5o §fe*&©m-a-i±, :E7L«stm*-« 

20 ±9»|i2±K:ft*U ««L-C3E?Lliayi 4 

5o /<-f^-*MfcL-Ctt, #y#-#*-K #y 

7!)wf, tfy^x^A^&mtfbti&o /<j>9- 

[0 0 2 5] J(gft*tt©*frlcM:, E?L«aS»W*r3l 
3ta»#^"T?l 0-« P aS«|C*T#«Ufc1l, *B«* 

mfrfrit&& i±comm2 ±\ciEjimmm 4 

30 S 0 IE7Lfl^a4^^-r5^ Sic, 7 9*79 h 

(#M¥4-3 2 0 4 8 4^#) » ^^y^a/^fl 
^^U 5 ^^^ ^/7xy Vfl^fr (#IS¥5-2 9 5 
3 6 1fM) , (#W¥5-3 3 145 

8-t^«) 1 0-3~10lI%«f K-7L 
X, 7y-*+yriL.-C©jE?Lft^6**«ri:t!:J: 

[0 0 2 6] jEfttl^Ji 4 ©BBPH:, 10-30 
0nm> ^L<tt3 0~10 0nmf&5 0 r©#(- 

J;<fflv^P>*^5 0 HM&2 tIE?LttSg4©=t^^^ b ^ 

^ISttsr i/is^^^^Sc »<5'7rIl^v^Jt 

*±<*-4«K#»*T?#» fiaKllcgSs IP*), US 
Alfctf?;MEfM&£!iSi«<, it^Ct LTI13 0 OVSk 
±, 1F?xlB»m&k LTttl 0 OlceUbiM&ftSit 
3o Ht-s -r^-Wb#7 i ^^ J r/^{S<^^P>©]E7L 

so 5 0 ^©@^©fc*ir:, ^JtS-eKSf^-f P 



(7) 
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11 

J $7 9u's7~-yQ&m (#MIBg 63-2 9 56 95t 

3 0 8 6 8 8 #<£$&) , t K^J^ft-fr* »4- 
3 2 0 4 8 3#^fR) , 7/V3^->f*©ffK^7 5 
(#B¥4-2 2 0 9 9 5f&a) , p- (9 
-TVMJ/V) -N, N-S?-p- MJ/UT=!J > (# 
H¥ 3-11148 , jjfy^n^l^bT:^ 

V^y-p-7 3 i=U>'tr=:U> (#H¥4-14 5 
19 2 ^$R) > #!)7=!Jy (Appl. Phys. 
Lett. , 6 4t, 1 2 4 51, 1 9 9 4f#i) * 10 
©*SMfrfi*rt\ *s<y? W8-3 

1 5 7 3fM) ^ /<"*-5*frA»flS*K 

flsW» ^D^ySftiffflMM (»4 3|hHSE 
4^¥Hffi*frRttd, 27-a-SY-9, 19 96 

[0 0 2 7] ±IEB*^y7rJia-»i:LTJ:<4effl* 

fc3TL.TVvrfc.fcVU &&S<afcZ>Tfc<fcV\ »4L 
»f <bH5 : 

5, 10, 15, 20-fh77i=;l'-21H, 23 

5, 10, 15, 20-fh77i=;V-21H, 23 
H-<$;U7jy=i;<./Uh (II) 

5, 10, 15, 2 0-tF77i=^-2 1H, 23 
H-^7-fVi (II) 

5, 10, 15, 20-7F77x-/V-2 1H, 2 3 
H-tf/l>7 4 (II) 30 

5, 10, 15, 2 0-7 h77i=/U-2 1 H, 23 
H-*W-fW!>ii (IV) **'/K 
5, 10, 15, 20-7F7 (4-t°yv : /W) -2 1 
H, 2 3H-tK/V7^>- 

2 9H, 3 1H-7^D->7 = y 
Hi (II) 7$u*y7=-> 

£& (II) 7^n->7 = > 
f- V > 7 9 n ~> T = *y K 

■7^->!>A7?nv'7=y 

Hl7^PiyT = i/ 40 
M (II) 4, 4' , A" , A" ' -xh7T1f-2 9 
H, 3 1 H-7^n~>T = ^ 
[0 0 2 8] »<y77Ji©*frt>» iE?L(fc@&f i: 

Kl, 77X-7CVDS 

Jl 3 ©flgfffi, iiHf, 3~1 0 0 nm, #*L< tel 0 
~5 0 nmffeS. 
[0 0 2 9] jEJLft&S 4 roiidll^^ji 5 7)St£tt £>*X 
5, »3te*5tt, *#fc#*&ii;/i*KIHfc:*5VvT, K so 
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* 2 36» 6 8EA S ftjE?LI&2£Ji fcilifl L T$|i£ § ft fciE?L 

i«8*>fes^**i,iE?LiBJui6*aiiu-r*as* 

iifc*?- <5r3»*J; < 5 £ h K J: <0 Wfe^Tfe-f 

: f#»«#*#<» ItgSttt»F7 77i/i5^ 
♦MfeffJtJSSKf&S n#ic§§£ L (c < v Mk-g-feTfcS r t 

H^ffiT*»^7fe^*7iS4 0 0~5 0 0 nm©ffifflU:*>5 

[0 0 3 0] *»Kfc*SVTH:, ±IB©*#&Wfc-f«- 
**fcLT£fttt£§«T5Wt£*«:J3V5. «*fc, 
7?S^T 5 Wb^SrE?UftaH4©3fi36Ji £ LTffl V5 

&7>ofc>3 (Jpn. J. Appl. Phys. , 32 
m, L917I, 1 9 9 3^), ^itmn^irv^'r 

ofcD (Jpn. J. Appl. Phys. , 3 5t, 

4 8 1 91, 1 9 9 6¥) Lfcfc&lC, *?4>X%ft* 
fcffi<, ggttOfiV^ffiJS^L^feftT 

5 Wfc^fc^ftJlt LT#$S^V5fcfcic, IE?L$I 
mm<0'(*><ktf J r>'> J r/i'3:<9 0. 1 eV£l±/h^v> 

[0 0 3 1] *»M©^r«mjH8Jt5ll^K:*stt53B3tS 

iKv^^^jas (T g ) *#t-5rtasa*u 
v\ zozkfrb. »jfe«!iSfrlE-jRS: (i) xtt (i 

I) Tf«fc$ih,535r#Kr5^k-&-«i6»featf*i,5ri: 

[0 0 3 2] SMB-jRi* (DXtf (II) fc*S^T» 
£L<W\ Xtt, ^Mifc&LT, «-*«&S£*LTV 
Tfc.fcV-«©, ^^^S, t7^I/yg, 7^h7 

-fci'SL if-r^^/K 7ityH/> 
it, fn^at, 7^y-^i, 7its?>'i 1 7xty 

hDiSl'm. 7xtyhn!)yf, tftrys?ym, 1*7 

*^3j?=^aaSEO^*» 1 ~ 6 <»7frziir*/l3i\>i&-)\> 
&; * h^i^m. ^h^>>S^<DK^iCl~6©T/W3 

*s/36 ; 71;*^ ^y-^^f->Sfo7!i^ 

**^3E : *S^f-A>T 5 / 77b tr^UT 571 



(8) 
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[0 0 3 3] Ar 1 ^LAr ( ft, £?;£L<te, 
tT7 ASIA'S, -Tyf-JV^ T>hVA&* 7it 

y h y /us, t° u-^/us, t° y v?/ug, h y t v^/us, 

t°7^/u*. =*/3-f-y/uS, ^£=A*fciSU fflffi 

^^fc 1 ~ 6 <DT/u*/um ; \?=./is&m<DT;vfr~;u 

£ ; * Y*is%fri£-;vm, = h *^#/W?=/uSt£tf> 10 

^^fcl~6 0T/U3^^/u^=/wS ; * b*s/as, 

* (I) tf*fcSJxSYt:-&*H:, WT©S5&T- 

•flciTB-JlS^C (VIII) T**^§tt?.3 
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-V s - t e r t -7*^71/7 M TVWS = If 
* (2-7^-8-^7 y /7 M (2, 6-5?7x 
=;P7x/7H TA'SsfrA, tf* (2-/7VW-8 
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Zftotz* r©^F©TO©fi^(i, 20 0-2 6 0=0© 
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